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W Technical Field 

y 

III This invention generally relates to medical instruments such as retrieval devices 

p 10 for retrieving material from within a body. More particularly, the invention relates to 
^ . retrieval devices for capturing and releasing stones such as urinary tract stones, gall 

stones, and other biological materials from a body tract. 



Background Information 
Medical retrieval devices generally are used to retrieve biological and foreign 
15 material including stones firom the body. Such medical retrieval devices may be used 
through an endoscope or a laparoscope. 

One type of known medical retrieval device has a sheath and a retrieval assembly 
such as a basket that is movable in and out of the sheath. When the basket is within the 
sheath, the basket assumes a collapsed, reduced diameter profile. When the sheath is 
20 retracted relative to the basket or the basket is moved beyond the end of the sheath, the 
basket expands to a relatively larger diameter than when the basket is enclosed within the 
sheath. Generally, the contour of known baskets is round or oval and is formed by a 
plurality of legs. 

With many known retrieval devices, materials are used in the retrieval assembly to 
25 enhance its rigidity. However, rigid materials used to enhance strength do so at the 



expense of flexibility. The retrieval assembly must, on the one hand, be sufficiently 
strong to dilate the body tract and, on the other hand, be sufficiently flexible to negotiate 
body tracts having small diameters, tortuous pathways and irregular lumens. Moreover, 
flexible retrieval assemblies can more easily capture large stones through the gaps in the 
legs of the retrieval assembly, than can rigid retrieval assemblies. When flexible 
materials are used in the retrieval assembly, however, rigidity and strength are 
compromised. 

Sunmiarv of the Invention 

It is an object of the invention to provide a medical instrument, i.e., a medical 
retrieval device with features that permit retrieval of material within a body. The material 
can be biological material, such as stones, or foreign material, or any of a variety of other 
types of material within a body. The material can be located in a urinary or biliary tract or 
elsewhere in the body. 

A medical instrument according to the invention is used to treat an internal organ 
which includes material such as a calculus or a thromboembolus. The medical instrument 
typically includes a proximal handle, a sheath extending from the handle and including a 
lumen and a distal end away from the handle, and a retrieval assembly such as a basket. 
The retrieval assembly has a proximal portion and a distal portion. The proximal portion 
is made with a first material and the distal portion is made with a second different 
material. 

The retrieval assembly and the sheath are moveable relative to each other to 
achieve a collapsed position of the retrieval assembly in which the retrieval assembly is 
within the lumen of the sheath and another position of the retrieval assembly in which at 
least a portion of the retrieval assembly extends from the distal end of the sheath. In this 
position, the retrieval assembly assumes a three-dimensional shape out of the lumen of 
the sheath. 

In one embodiment, the retrieval assembly is a basket. The basket has a plurality 
of legs, for example, the basket has three, four, five or more legs. The legs may be 
preformed. 
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In one embodiment of the invention, the legs of the retrieval assembly feature a 
proximal and a distal portion. The proximal portion of the legs comprises a first material 
and the distal portion of the legs comprises a second material, the second material being 
more flexible than the first material. In this embodiment, the proximal leg portion and 
the distal leg portion are connected at a joint. The joint is a loop, hook, crimp, solder, 
weld, or any other mechanism known for connecting the ends of at least two wires or 
legs. 

In another embodiment of the medical retrieval device of the invention, the 
proximal portion of the retrieval assembly is generally straight; the contour of the 
proximal portion being planar rather than curved. Alternatively, at least the proximal 
portion of the retrieval assembly is bulbous, i.e., the proximal portion is bowed out from 
the center of the retrieval device when the proximal portion is deployed beyond the distal 
end of the sheath. 

Other embodiments of this invention include a sheath axially moveable relative to 
the retrieval assembly. In this embodiment, retraction of the sheath in a direction away 
from the distal end of the sheath extends the retrieval assembly from the distal end of the 
sheath. The portions of the retrieval assembly are thereby expanded depending on which 
portions are uncovered by the retracted sheath. 

Some additional embodiments of the invention include an elongated guide 
member longitudinally positioned in the lumen of the sheath, operably attached to a 
proximal end of the retrieval assembly, and actuated by at least one actuating member on 
the handle. Reciprocal axial movement of the elongated guide member moves the 
retrieval assembly from its enclosed position within the sheath, in and out of the distal 
end of the sheath and back to its enclosed position within the sheath. As the assembly is 
moved in and out the sheath, the portions of the retrieval assembly shift between 
collapsed and opened positions. 

In yet another aspect, the invention relates to a method for retrieving material 
from a body. The method comprises inserting a medical retrieval device with a retrieval 
assembly (such as the instrument described above) into a body, extending the proximal 
and distal portions of the retrieval assembly beyond the end of the sheath, maneuvering 
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the retrieval assembly aroxind the material, capturing the material within the retrieval 
assembly, withdrawing the proximal and distal portions of the retrieval assembly back 
into the sheath, and removing the medical instrument and the material captured in the 
retrieval assembly from the body. 

Brief Description of the Drawings 
In the drawings, like reference characters generally refer to the same parts 
throughout the different views. Also the drawings are not necessarily to scale, emphasis 
instead generally being placed upon illustrating the principles of the invention. 

FIG. 1 is a plan view of an embodiment of a medical retrieval device according to 
the invention. 

FIG. 2 illustrates an embodiment of a retrieval assembly, according to the 
invention, extended beyond the distal end of the sheath and open. 

FIG. 3. illustrates the retrieval assembly illustrated in FIG, 2 with the distal 
portion of the retrieval assembly extended beyond the distal end of the sheath and open. 

FIG. 4A illustrates the retrieval assembly illustrated in FIG. 2 collapsed within the 
distal portion of the sheath. 

FIG. 4B illustrates an embodiment of a retrieval assembly according to the 
invention. 

FIG. 5 A illustrates a front view of an embodiment of a joint between a proximal 
leg portion and a distal leg portion according to the invention. 

FIG. 5B illustrates a side view of the joint illustrated in FIG. 5 A. 

FIG. 6 A illustrates a side view of an embodiment of a joint between a proximal 
leg portion and a distal leg portion according to the invention. 

FIG. 6B illustrates a front view of the joint illustrated in FIG. 6A. 

FIG. 7 A illustrates a front view of an embodiment of a joint between a proximal 
leg portion and a distal leg portion according to the invention. 

FIG. 7B illustrates a side view of the joint illustrated in FIG. 7A. 

FIG. 8 A illustrates a side view of a joint between a proximal leg portion and a 
distal leg portion according to the invention. 

FIG. 8B illustrates a front view of the joint illustrated in FIG. 8A. 
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FIG. 9 illustrates an embodiment of a retrieval assembly according to the 
invention. 

FIG. lOA illustrates an embodiment of a distal portion of a leg of a retrieval 
assembly according to the invention. 

FIG. lOB illustrates an embodiment of a distal portion of two legs of a retrieval 
assembly according to the invention. 

FIG. IOC illustrates an embodiment of a retrieval assembly including the legs 
illustrated in FIG. lOB. 

FIG. 1 1 illustrates an embodiment of a retrieval assembly according to the 
invention. 

FIG. 12A illustrates an embodiment of a retrieval assembly according to the 
invention with the distal portion of the retrieval assembly extended from the distal end of 
the sheath. 

FIG. 12B illustrates the retrieval assembly in FIG. 12A with the proximal and 
distal portions of the retrieval assembly extended beyond the distal end of the sheath. 

FIG. 13 illustrates a perspective view of another embodiment of the retrieval 
assembly according to the invention. 

FIG. 14 illustrates another embodiment of a retrieval assembly according to the 
invention. 

FIG. 15 illustrates another embodiment of a retrieval assembly according to the 
invention. 

FIG. 16 illustrates another embodiment of a retrieval assembly according to the 
invention. 

FIG. 17 illustrates another embodiment of a retrieval assembly according to the 
invention. 

FIG. 18A illustrates another embodiment of a medical retrieval device according 
to the invention. 

FIG. 1 8B illustrates an end view of an embodiment of the retrieval assembly 
illustrated in FIG. 18 A. 
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FIG. 18C illustrates an end view of another embodiment of the retrieval assembly 
illustrated in FIG. ISA. 

FIG 18D illustrates another embodiment of the retrieval assembly illustrated in 
FIG. 18 A. 

FIG 18E illustrates the retrieval assembly illustrated in FIB 18D approaching a 

stone. 

FIG 18F illustrates the retrieval assembly illustrated in FIB 18D partially 
collapsed around a stone. 

FIG 18G illustrates the retrieval assembly illustrated in FIG 18D collapsed around 

a stone and partially collapsed within the distal end of the sheath. 

FIG. 19A illustrates another embodiment of a retrieval assembly according to the 
invention. 

FIG. 19B illustrates another embodiment of a retrieval assembly according to the 
invention. 

FIG. 20A illustrates the retrieval assembly illustrated in FIG. 19A collapsed 
within the sheath. 

FIG. 20B illustrates the retrieval assembly illustrated in FIG. 20A extended from 
the distal end of the sheath and open. 

FIG. 20C illustrates a stone captured in the retrieval assembly illustrated in FIG. 

20B. 

FIG. 21 A illustrates the retrieval assembly illustrated in FIG. 19B collapsed 
within the sheath. 

FIG. 2 IB illustrates the retrieval assembly illustrated in FIG. 21 A extended from 
the distal end of the sheath and open. 

FIG. 21 C illustrates a stone captured in the retrieval assembly illustrated in FIG. 

21B. 

FIG. 22A illustrates another embodiment of the retrieval assembly illustrated in 
FIG. 19A. 

FIG 22B illustrates another embodiment of the retrieval assembly illustrated in 
FIB. 19B. 



Description 

Each of the following embodiments of a medical retrieval device according to the 
invention have at least the following properties. The retrieval assembly of the medical 
retrieval device is made from a rigid material and a flexible material. The proximal 
portion of the retrieval assembly is made with materials that are rigid relative to the 
materials used in the other parts of the retrieval assembly. The materials used in the 
portions of the retrieval assembly other than the proximal portion enhance flexibility of 
those portions relative to the flexibility of the proximal portion of the retrieval assembly. 

In general, in one aspect, the invention features a medical retrieval device 
including a handle, a sheath, and a retrieval assembly. As illustrated in FIG. 1 , a medical 
retrieval device 10 includes a handle 1 1 at a proximal end 12 having a handle base 13 and 
an actuating mechanism 14, such as a slider. A physician can grasp the handle base 13 in 
the palm of his or her hand and manipulate the actuating mechanism 14 with his or her 
thumb. A retrieval assembly 15 formed in accordance with this mvention is located at the 
distal end 16 (end furthest from operator) of the medical retrieval device 10. The 
retrieval assembly 15, according to the invention, may have a number of different 
embodiments, one of which is illustrated in FIG. 1, and will be discussed in greater detail 
below. A sheath 17 overlies an intermediate supporting structure, such as an elongated 
member 40, between the handle 1 1 and the retrieval assembly 15. The sheath 17 typically 
comprises a polyimide tube or a tube made from other materials that exhibit radial 
flexibility, axial stiffness, and biocompatibility. 

The outside diameter of the sheath 17 can range from 1.7-8.0 French (Fr.). 
preferably 3.0 Fr. The retrieval assembly 15 is the type that can be collapsed within a 
sheath 17 for entry into the body. The handle 11, sheath 17, and retrieval assembly 15 
illustrated in FIG. 1 are not shown in their correct size or proportion to each other. The 
size of the entire sheath is dimensioned to fit the requirements of the application of the 
sheath 17 in the body. For example, for urological applications, the size of the device is 
typically 1 .7-8.0 Fr. The sheath 17 has at least one lumen 9 therein, may be made from a 
single material, and extends from the handle 1 1 to a distal sheath end 18. An elongated 
member 40 such as a cable, coil, shaft, guidewire or mandril wire extends within the 
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lumen 9 from the device handle 1 1 to the base 30 of the retrieval assembly 15, where the 
elongated member 40 is attached at its distal end to the retrieval assembly 15. 

The elongated member 40 is operably joined to one or more actuating 
mechanisms 14 at the device handle 1 L Referring to FIG. 1, when the actuating 
mechanism 14 is located at position 14c, retrieval assembly 15 is extended beyond the 
distal end 18 of the sheath 17 and completely open as illustrated in FIG. 2. As the 
actuating mechanism 14 is moved to position 14b, the retrieval assembly 15 moves to the 
position depicted in FIG. 3. When the actuating mechanism 14 is moved to position 14a, 
the retrieval assembly is compacted by sheath 17 which covers the retrieval assembly 15 
within the lumen 9 of the sheath 17 as depicted in FIG. 4A. 

Alternatively, in another embodiment, the mechanism 14 can cause movement of 
the sheath 17 to advance the sheath 17 over the stationary retrieval assembly 15 and 
elongated member 40 combination, to thereby collapse the retrieval assembly 15 within 
the sheath 17. In this embodiment, as shown in FIG. 1, as the actuating mechanism 
advances from proximal position 14a to intermediate position 14b as depicted in 
phantom, the sheath 1 7 advances from the position depicted in FIG. 2 to the position 
shown in FIG. 3. As the actuating mechanism is advanced further to position 14c, the 
sheath 17 compacts and covers the retrieval assembly 15 as shown in FIG. 4 A. 

In general, both types of retrieval assembly/sheath movement configurations and 
related handle mechanisms are known, and can be seen in existing product designs 
available from, for example, Boston Scientific Corporation (Natick, MA). With the 
retrieval assembly 15 collapsed within the sheath 17 as shown in FIG. 4 A, the sheath 17 
can be inserted into the body by an operator to a site in the body where the material to be 
retrieved is located (e.g., a stone in the ureter). By placing the retrieval assembly 15 into 
its open/expanded position, as illustrated in FIG. 2, the retrieval assembly 15 dilates the 
body tract in which it has been placed and can be manipulated by the operator to entrap or 
capture material within the retrieval assembly 15. 

In general, in one aspect, referring to FIG. 2, the retrieval assembly 15 is a basket 
formed by a plurality of legs 21 . The number of legs can be as many as 2-20. In this 
aspect of the invention, the retrieval assembly 15 is divisible into multiple basket portions 



such as a proximal basket portion 22 and a distal basket portion 24. The legs 21 of the 
basket also have a proximal leg portion 26 and a distal leg portion 28. The proximal leg 
portion 26 is located within the proximal basket portion 22 and the distal leg portion 28 is 
located within the distal basket portion 24. The proximal end of the proximal leg portion 
26 is joined to the elongated member 40 axially disposed within the lumen 9 of the sheath 
17. 

hi general, the proximal leg portion 26 and the distal leg portion 28 of each leg 21 
are made with different materials. The proximal leg portion 26 is formed with a first 
material that is more rigid than the second material used in the distal leg portion 28. For 
example, the proximal leg portion 26 is formed with stainless steel and the distal leg 
portion 28 is formed with Nitinol silk, nylon, other shape memory materials such as 
nickel-titanium, nickel-titanium-copper, and nickel-titanium-lead. Other combinations of 
material are also contemplated by the invention as long as the strands of the proximal leg 
portion 26 are more rigid than the filaments of the distal leg portion 28. 

A retrieval assembly that includes a rigid proximal portion and a comparatively 
flexible distal portion has the advantage of providing both sufficient strength for dilating 
a body tract and sufficient flexibility for capturing a stone or other material within the 
body tract. The strands of the proximal leg portion 26 facilitate the ease by which stones 
or other material are captured. The gaps between the strands in the proximal basket 
portion 22, are comparatively wider than the gaps between the filaments in the distal 
basket portion 24. Moreover, the flexibility of the distal basket portion 24 permits 
capture of stones with diameters greater than the width of the gap between the legs 2L 
The filaments of the distal leg portions 28 flex to permit large stones to pass through the 
gaps between the legs 21 in the distal basket portion 24. After a stone is captured, the 
stone is trapped in the distal basket portion 24 of the retrieval assembly 15 where the gaps 
between the filaments of the distal leg portions 28 are comparatively narrow. 

The flexible distal basket portion 24 of the retrieval assembly 15 enhances the 
ease by which a stone is captured when the stone is located distal to the retrieval assembly 
1 5 or lateral to the distal basket portion 24 of the retrieval assembly 1 5. While the rigid 
proximal basket portion 22 of the retrieval assembly 15 has the strength to dilate the body 



tract, the flexible filaments of the distal basket portion 24 have the flexibility to flex apart 
to enable capture of a stone through the gaps between the filaments. The stone may enter 
through the distal portion of the basket via the distal end 23 of the retrieval assembly or 
through the side of the distal basket portion 24 of the retrieval assembly 15. Compared to 
rigid retrieval assemblies, the flexible distal basket portion 24 of the retrieval assembly 15 
also minimizes travuna to the body tract that might result when the retrieval device is 
expanded in a body tract. 

The filaments in the distal leg portion 28 constitute separate wires, or 
altematively, the filaments are made fi"om one wire or more than one wire, that is attached 
to the distal end 32 of a strand in the proximal leg portion 26 that comprises solid, twisted 
or braided wire. The number of filaments in the distal leg portion 28 attached to the distal 
end 32 of a strand in the proximal leg portion 26 is at least one, and preferably as many as 
2-10. 

Connection of the filaments at the proximal end 33 of the distal leg portion 28 to 
the distal end 32 of the strands in the proximal leg portion 26 at a joint 27 is 
accomplished by a number of means. For example, as illustrated in FIGS. 5 A and 5B, the 
filaments at the proximal end 33 of the distal leg portion 28 are crimped to the distal end 
32 of the strands in the proximal leg portion 26 at a joint 27, or, as illustrated in FIGS. 6 A 
and 6B, two filaments in the distal leg portion 28 are formed firom a single wire that pass 
through a hole 34 positioned at the distal end 32 of the strand in the proximal leg portion 
26. Altematively, as illustrated in FIGS. 7A and 7B, and 8 A and 8B, one or more 
filaments in the distal leg portion 28 passes through a partially closed loop or hook 36 
positioned at the distal end 32 of a strand in the proximal leg portion 26. Other 
mechanisms by which the filaments at the proximal end 33 of the distal leg portion 28 are 
joined to the strands include solder, weld, knot, or adhesive. The number of filaments in 
the distal leg portion 28 that are shown in FIGS. 5A and 5B through FIGS. 8A and 8B are 
meant to be illustrative and are not limited to only those embodiments shown. The ratio 
of strands to filaments is equal to, or less than one. 

In a particular embodiment, referring to FIGS. 2, 9, and 14-17, the proximal leg 
portion 26 of a leg 21 of the retrieval assembly 15 according to the invention, features a 



strand of material. The distal leg portion 28 of a leg 21 features a plurality of filaments 
that extend distally from each of the strands of the proximal leg portion 26 to a distal end 
23 of the retrieval assembly. In one embodiment, illustrated in FIG. 2, for example, the 
distal ends of the filaments in the distal leg portion 28 are bundled together in an end cap 
25. The cap 25 captures the distal ends of all the filaments of the distal leg portion 28 in 
the cap 25, by swaging or by some other means to form a distal end 23 of the basket 15. 

In one embodiment, an individual strand of the proximal leg portion 26 is 
prestressed or preformed. Consequently, without confinement by the sheath 17, the 
strands in the proximal portion 22 of the retrieval assembly 15 diverge from each other as 
they extend distally. The filaments of the distal leg portion 28 are preformed to follow a 
straight or helical path from the ends of the strands in the proximal leg portion 26 to 
converge at the distal end 23 of the retrieval assembly to thereby define the distal leg 
portion 28 of the basket 15. 

While FIG. 4A illustrates the strands in the proximal leg portion 26 extending 
essentially parallel to each other, it will be understood that the strands in the proximal leg 
portion 26 could be intertwined or twisted while still retaining a compact cross-section. 
The strands in the proximal leg portion 26 of the proximal portion 22 of the retrieval 
assembly 15 could be preformed or stressed to follow a helical path between the base 30 
of the retrieval assembly 15 and the distal portion 24 of the retrieval assembly 15. 
Additionally, as shown in FIG. 4B, the strands in the proximal leg portion 26 could vary 
in length to ease collapse of the retrieval assembly 15 in the sheath 17. With either of 
these constructions, the distal end 23 of the retrieval assembly 1 5 remains radially 
flexible and, by virtue of the sheath 17, axially stiff to facilitate placement of the retrieval 
device 10. 

At least one wire is used to make the filaments of the distal leg portion 28 in the 
distal portion 24 of the retrieval assembly 15. For example, as illustrated in FIG. 9, one 
wire is used to make two filaments of the distal leg portion 28. A section of the wire 
passes through joint 27 at the distal end 32 of the strand of the proximal leg portion 26 in 
the manner illustrated in FIGS. 6 A and 6B. Both ends of the one wire are attached to the 



distal end cap 25. The joint 27 may take any of the forms described above, such as a 
hole, hook, or crimp. 

Alternatively, one wire is used to make three, four, or more filaments of the distal 
leg portion 28. As shown in FIG. lOA, in a one wire, four filament embodiment, the one 
wire is passed muUipIe times between the joint 27, and distal end 23 of the retrieval 
assembly 15. It is possible to have any combination of wires to form the filaments, for 
example, at least one wire forming at least two filaments, and two additional wires 
forming two additional filaments, all four filaments extending from the distal end 32 of a 
single strand to form the distal leg portion 28 of a single leg 21 . 

In another embodiment, illustrated in FIG. lOB, the same wire may be used for 
filament 28a of leg 21a and for filament 28b of leg 21b. The wire passes through the joint 
27a at the distal end 32 of the strand of proximal leg portion 26a, then passes distally to 
the distal end 23 of the retrieval assembly 15, then proximally to joint 27b at the distal 
end 32 of the strand of proximal leg portion 26b. In one embodiment, as illustrated in 
FIG. IOC, the filaments are not attached together or to an end cap at distal end 23. In this 
embodiment, the retrieval assembly 1 5 resembles an egg whip. Alternatively, an end cap 
may be used to gather together the filaments at the distal end 23 of the retrieval assembly 
15 illustrated in FIG. 11. 

In yet another embodiment according to the invention, illustrated in FIG. 1 1, the 
strands in the proximal leg portion 26 of a retrieval assembly 15 are extensions of twisted 
or braided strands that form an elongated member 40 or cable. Alternatively, the 
proximal ends of strands in the proximal leg portion are attached to an elongated member 
40 by any means such as by, for example, insertion in a short cannula, crimping, 
soldering, welding, swaging, or the use of an adhesive. 

In a clinical application in one embodiment, an operator introduces the retrieval 
device 10 with its distal tip 23 of the retrieval assembly 15 in the form shown in FIG. 4A 
so that the sheath 17 retains the retrieval basket 15 in its compact form. When the distal 
tip 23 of the retrieval assembly 15 is positioned proximate calculi or any other material to 
be retrieved, the operator moves the actuating mechanism 14 fi-om position 14c to the 
position 14A in FIG. 1. This retracts the sheath 17 and exposes the proximal portion 22 
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and distal portion 24 of the retrieval assembly 15. The legs 21 return to their original 
shape as shown in FIG. 2 thereby to dilate surrounding tissue and to provide a structure 
that can be manipulated to capture calculi within the confines of the retrieval assembly 
15. Preferably, the distal tip 23 of the retrieval assembly 15 is positioned distally of the 
5 material to be retrieved prior to displacement of the sheath 17 so that the retrieval 

assembly 15 is adjacent or distally proximate to the material to ease and speed capture of 
the material within the retrieval assembly 15. 

With the present invention, an operator can manipulate the retrieval assembly 15 
so that calculi or other material move in the gap between the filaments in the distal leg 

^ 10 portion 28 or between strands in the proximal leg portion 26. The reduced number of 

M 

p strands in the proximal portion 22 of the retrieval assembly 1 5 greatly facilitates and 

m 

Vl simplifies this task. 

IP 

rl FIG. 9 depicts an alternative embodiment of a retrieval basket 15a and sheath 17a 

in at a distal end 16a of the retrieval device 10a. In this particular embodiment, the retrieval 



1 5 assembly 1 5a has four legs 2 1 a. Each of the legs 21a has a proximal portion 26a in the 

form of an individual strand. A distal portion 28a of each of the legs 21a has two 

=P filaments extending from the distal end 32 of the associated one of the individual strands 

O 

fH in the proximal leg portion 26a to a cap 25a to define a distal portion 24 of the retrieval 

assembly 1 5a. The cap 25a captures the ends of all of the filaments in the distal leg 

20 portion 28a to define the distal tip 23 of the retrieval assembly 15a. In this particular 
embodiment, each of the strands of the proximal leg portion 26a are angularly spaced by 
about 90° from adjacent strands, while the filaments of the distal leg portion 28a are 
helically wound and angularly spaced by about 45°. 

According to the invention, the proximal 22 and distal portions 24 of the retrieval 

25 assembly 15 are collapsed within the sheath 17 in a first position. When the distal portion 
24 of the retrieval assembly 15 is extended beyond the end 18 of the sheath 17, the distal 
portion 24 of the retrieval assembly 15 expands into a second position. When both the 
proximal 22 and distal portions 24 of the retrieval assembly 15 are extended beyond the 
distal end 18 of the sheath 17 and expanded, the retrieval assembly 15 is in a third 

30 position. Positions 1 (one) through 3 (three) of the retrieval assembly 15 are positions 



along a continuum from entirely collapsed to entirely expanded retrieval assembly 
positions. 

The contour of the retrieval assembly 15 of the invention may take a variety of 
shapes. Referring to FIGS. 12A and 12B, by example, an alternate embodiment of a 
retrieval assembly or basket 15 is shown. As shown in FIG. 12 A, the basket legs 21 of 
the distal basket portion 24 are convex, i.e., the legs 21 are bowed out from the basket 
center axis. In this embodiment, as the basket moves from the first position to the second 
position, the distal basket portion 24 assumes a bulbous shape. When the basket 1 5 is 
extended fiirther from the end 18 of the sheath 17, the proximal basket portion 22 extends 
from the end of the sheath 1 7 expanding as the basket 1 5 is moved from the second 
position to the third position, illustrated in FIG. 12B. The overall basket contour assumes 
a peanut shape. 

The basket legs 21 of the basket 15 shown in FIGS. 12A and 12B may be 
preformed or bent before the basket 15 is assembled. The legs 21 can be bent in any 
manner known to one skilled in the art, for example, as detailed in U.S. Patent No. 
5,658,296, the entirety of which is incorporated by reference, herein. 

In another embodiment, shown in FIG. 13, the legs 21 of the proximal portion 22 
of the basket 15 are substantially straight. As the basket is extended from the distal end 
18 of the sheath (not shown), the distal basket portion 24 expands and the basket assumes 
a bulbous shape as shown in FIG, 13, second position (inner image). As the basket is 
extended still further from the distal end of the sheath, the proximal portion 22 of the 
basket expands. As shown in the third position (outer image) of FIG. 13, the overall 
contour of the basket 1 5 in the third position is cone-shaped. The diameter of the 
proximal basket portion 22 increases xmiformly from the proximal end to the distal end of 
the proximal basket portion 22. 

In another embodiment according to the invention, the contour of the distal basket 
portion 28 is helical. As illustrated in FIG. 9 for example, the distal portion 24 of the 
basket is comprised of a plurality of spiral-shaped filaments extending from each of the 
strands of the proximal leg portion 26 of each leg 21. The spiral-shaped filaments 28 may 
be paired. The filaments can be similar to the sets of filaments disclosed in U.S. Patent 



No. 5,496,330, the entirety of U.S. Patent No. 5,496,330 incorporated by reference, 
herein. As the distal basket portion 24 is extended beyond the end 18 of the sheath 17, 
the distal basket portion 24 expands into a substantially helical shape. The basket 20 
elongates and expands as the proximal basket portion 22 is extended from the end 1 8 of 
the sheath 17 and the basket 20 assumes the third basket position illustrated in FIG. 9. 

The use of multiple filaments for the distal portion 28 of a leg 21, increases the 
number of contact points of the retrieval assembly 15 with any entrapped calculi, hi FIG. 
9, for example, eight filaments in the distal basket portion 24 contact the calculi rather 
than four filaments. Moreover, the close equiangular spacing of adjacent filaments in a 
given leg also permits the wires collectively to accommodate any surface unevenness of 
such calculi surfaces to further increase the reliability with which the basket 1 5 entraps 
calculi. 

FIG. 14 depicts the proximal and distal portions 22b and 24b of the retrieval 
assembly 15b at the distal end of another embodiment of a retrieval device 10b. 
Retraction of the sheath 17b at the distal end of the retrieval device to the illustrated 
position enables the proximal and distal portions 22b and 24b to form the enlarged 
retrieval assembly 15b extending between a cap 25b and the retrieval assembly base 30 
joined to the elongated member 40b. Two legs 21 define the retrieval assembly 15b, with 
each of the legs comprising an individual strand 26b extending distally from the proximal 
end of the basket and six filaments 28b extending proximally from the distal end 23 of 
the basket to the distal end 32 of the associated strand 26b. The filaments 28b in this 
instance are prestressed to follow a helical path. The filaments 28b are joined to the 
strands 26b at joint 27 by any of the joints illustrated in FIGS. 5A and 5B through FIGS. 
8A and 8B. 

FIGS. 15-17 illustrate other retrieval device embodiments constructed in 
accordance with this invention. The retrieval assemblies 15c, 15d and 15e of the retrieval 
devices 10c, lOd and lOe comprise a plurality of legs 21 with each of the legs 21 having 
substantially more filaments in the distal leg portion 28 of the retrieval assembly 1 5 than 
strands in the proximal leg portion 26. For example, each of the legs 21c of the basket 
15c of FIG. 15 comprises a strand in the proximal leg portion 26c and five filaments in 



the distal leg portion 28c, while each of the three legs 2 Id of the basket 15d of FIG. 16 
comprise a strand in the proximal leg portion 26d and three filaments in the distal leg 
portion 28d. Four legs 2 Id define the retrieval assembly 15e of FIG. 17. Each leg 21e 
includes an individual strand in the proximal leg portion 26e and four filaments in the 
distal leg portion 28e. Although, each of the filaments of the retrieval assemblies 1 5c, 
1 5d and 1 5e are prestressed, they are not helically wound like the filaments of the baskets 
15a and 15b of FIGS. 9 and 14. For example, in FIG. 17, each of the filaments in the 
distal leg portion 28e between one of the strands in the proximal leg portion 26e and the 
cap 25e is prestressed to extend radially away fi-om the axis of the retrieval assembly 15e 
and to be spaced from each of the other filaments. 

The baskets 15 described in connection with FIGS. 2, 9, and 14 through 17 may 
also be formed by the method described in the co-pending, commonly assigned U.S. 
Patent 5,658,296. Using the process described therein provides strands and filaments 
with improved strength, durability and other characteristics. 

In another aspect of the invention, referring to FIG. 1 8, a retrieval assembly 
features a plurality of legs 21. The legs 21 comprise a strand that is positioned in the 
proximal portion 22 of the retrieval assembly 15. The strands of the proximal portion 22 
of the retrieval assembly are made with rigid materials, for example, stainless steel. The 
distal portion of the retrieval assembly features a flat distal end 23 that is positioned at the 
distal end 32 of the strands of the proximal leg portion 26 of the retrieval assembly 15. 
The distal end 23 comprises a plurality of flexible wires 29 oriented in a plane 
substantially perpendicular to the long axis of the retrieval device 10. At least one of the 
wires 29 at the distal end 23 is made with a material that is more flexible than the 
material comprising the strands of the proximal basket portion 22. The wires 29 
comprising the distal end 23 of the retrieval assembly 15 extend fi"om the distal end 32 of 
one strand of the proximal basket portion 22 to the distal end 32 of an adjacent strand or 
to the distal end 32 of another strand of the proximal basket portion 22. The number of 
legs or strands in the proximal basket portion 22 may be 3, 5, 6, 7, 8 or more and is not 
limited to the number of strands illustrated. 



As illustrated in FIGS. 18B and 18C, in one embodiment of this aspect of the 
invention, the distal end 23 of the retrieval assembly 15 includes at least one wire 29 that 
extends from the distal end 32 of one strand of the proximal portion of the retrieval 
assembly 22, to a distal end 32 of an adjacent strand, or, alternatively, the at least one 
wire 29 extends across the area defined by the distal ends 32 of the strands to the distal 
end 32 of another strand of the proximal leg portion. Any pattern of wires extending 
from the end 32 of one strand to an end 32 of another strand is contemplated by the 
invention. The wires 29 of the distal end 23 of the retrieval assembly 15 may form 
pattems other than the patterns illustrated in FIGS. 18B and 18C. 

In clinical applications, the device 10 illustrated in FIG. 18A is inserted into a 
body tract with the retrieval assembly collapsed within the sheath 17. When the distal 
end 18 of the sheath passes by or is positioned adjacent to the stone or other material to 
be retrieved. The retrieval assembly 15 and sheath 17 are moved relative to one another 
to extend the retrieval assembly 15 beyond the distal end of the sheath 18 and open. The 
gap or distance between basket legs 21 is thereby increased. The distal end 23 of the 
basket 15 is maneuverable largely because of the flexible material used in making the 
distal end 23. The proximal portion 22 of the retrieval assembly is comparatively rigid 
because the proximal portion 22 is made with material more rigid than the material used 
in the distal end 23. Thus, the proximal portion 22 has the strength to dilate the body 
tract around the stone or other material and the distal basket portion 24 has the flexibility 
to entrap the stone or other material in the retrieval assembly 15. To capture a stone or 
other material, the stone passes between the gaps in the strands of the proximal portion 22 
of the retrieval assembly 15 and is trapped in the confines between the strands of the 
proximal portion 22 of the retrieval assembly 15 and the distal end 23 of the retrieval 
assembly 15. 

In an alternate embodiment of this aspect of the invention, illustrated in FIGS. 
18D-18G, a second elongated guidewire 41 parallels or extends through a lumen in the 
first guidewire 40, and is joined at its distal end to the distal end 23 of the retrieval 
assembly 1 5 and at its proximal end to a second actuator 42. To capture material 60 in a 
body tract, the retrieval assembly 15 is open and extended beyond the distal end of the 



sheath 17 as illustrated in FIG 18E. A stone 60 is approached by the retrieval assembly 
1 5 and trapped between the retrieval assembly 1 5 and a body tissue 44. As illustrated in 
FIG. 1 8F, the second actuator 42 is actuated proximally in the direction of the arrow to 
axially move the second elongated guidewire 41 proximally. The distal end 23 of the 
retrieval assembly 15 is thereby moved towards the distal end of the sheath 17, collapsing 
the retrieval assembly 15 around the stone 60. Actuator 14, illustrated in FIG. 1 8G, is 
then moved proximally in the direction of the arrow to draw the retrieval assembly 15 
with the captured stone 60 partially or entirely into the distal end of the sheath 17. 

In another aspect of the invention, in one embodiment, the retrieval assembly 15, 
illustrated in FIGS. 19A and 19B, has a proximal portion 22 and a distal portion 24. The 
proximal portion 22 of the retrieval assembly has a plurality of legs 21 . The distal portion 
24 of the retrieval assembly 15 is pocket shaped having an apex 38 and pocket edges 39 
that are joined to the ends 32 of the legs 21 of the proximal basket portion 22. The 
proximal portion 22 of the retrieval assembly 15 is made with a different material than 
the distal portion 24 of the retrieval assembly. 

The legs 21 of the proximal portion 22 of the retrieval assembly are made with 
rigid material, such as stainless steel, and are attached at their proximal end to an . 
elongated member 40, and at their distal end 32 to the pocket edges 39 of the pocket in 
the distal portion 24 of the retrieval assembly. The legs 21 at their distal end 32 are 
attached to the pocket edges 39 by sutures, adhesives, loops, hooks or any other joining 
means known to a skilled person. 

The pocket-shaped distal portion 24 of the retrieval assembly 1 5 is a netting or 
mesh made with a flexible material such as Nitinol. The openings in the mesh are large 
enough to permit fluids to pass but small enough to impede movement of material, such 
as stones larger than 0.1mm, through the mesh. 

The mesh of the distal portion 24 of the retrieval assembly 1 5 forms a pocket. In 
one embodiment, the apex 38 of the pocket in the distal portion 24 is positioned at the 
distal end 23 of the retrieval assembly 15. In this embodiment, the retrieval assembly is 
used to "net" or "sweep" material in a body tract. As illustrated in FIGS. 20A-20C, the 
retrieval device 10 is inserted into a body tract with the retrieval assembly 15 collapsed 
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within the sheath 17 as illustrated in FIG. 20 A. When the distal end 18 of the sheath 17 is 
advanced past a stone 60 or other material to be removed, the retrieval assembly 15 is 
extended beyond the distal end of the sheath as illustrated in FIG. 20B. With the retrieval 
assembly 15 positioned beyond the distal end of the sheath, the retrieval assembly 15 is 
manipulated around the stone 60 to capture the stone 60 in the pocket formed in the distal 
portion 24 of the retrieval assembly as illustrated in FIG. 20C. 

In another embodiment of this aspect of the invention, illustrated in FIGS. 21 A- 
21C, the apex 38 of the pocket in the distal portion 24 of the retrieval assembly 15 is 
located proximal to the ends 32 of the legs 21 of the proximal portion 22 of the retrieval 
assembly 15. In this embodiment, the pocket of the distal portion 24 of the retrieval 
assembly is used to "scoop" stones or other material in the body tract. The medical 
retrieval device is inserted into a body tract with the retrieval assembly 15 collapsed 
within the sheath 17 as illustrated in FIG. 21 A. When the distal end 1 8 of the sheath 17 
approaches the stone 60 or other material to be removed, the retrieval assembly 15 is 
moved to the position illustrated in FIG. 2 IB. With the retrieval assembly positioned as 
shown in FIG. 2 IB, the retrieval assembly 15 is advanced over the stone 60 capturing the 
stone 60 in the pocket of the distal portion 24 of the retrieval assembly 15 as illustrated in 
FIG.21C. 

Another embodiment of the invention illustrated in FIGS. 19A-19B, 20A-20C, 
and 21 A-21C, is illustrated in FIGS. 22A and 22B. In this embodiment a second 
elongated guide wire 41 parallels or passes through an axially disposed lumen of 
guidewire 40 (see FIGS. 18D-18G for comparison) and is attached distally to the mesh of 
the distal end portion 24 of the retrieval assembly 15. The proximal end of second 
guidewire 41 is operatively joined at its proximal end to second actuator 42 in the marmer 
illustrated in FIG. 18D. Axial movement of the guidewire 41 proximally causes retrieval 
assembly 15 to move from the everted position illustrated in FIG. 22 A to the inverted 
position illustrated in FIG. 22B. Thus, with a first actuator 14 operatively attached to 
guidewire 40, and a second actuator 42 operatively attached to guidewire 41, the medical 
retrieval assembly 15 of the retrieval device 10 illustrated in FIGS. 19A-19B, 20A-20C, 



21A-21C can be maneuvered to capture material in a body tract as illustrated in FIGS. 
18E-18G and discussed in the corresponding text. 

In general, the medical retrieval device according to the invention can be used in a 
clinical application to retrieve biological or foreign material from within a body. For 
example, the device can be used to retrieve a stone (e.g., a stone in the gall bladder, 
biliary tree, ureter, kidney, urinary bladder, urethra, etc.). The device could also be used 
to capture a thrombus or embolus within a vessel such as the coronary vessels of the heart 
or within the pulmonary vasculature. Regardless of the material being retrieved, the 
device 10 with the retrieval assembly 15 enclosed within a sheath 17 is inserted into a 
body tract. As the distal end 1 8 of the sheath approaches a stone 60, or passes to one side 
of a stone 60, the retrieval assembly is moved relative to the sheath 17 and extended 
beyond the distal end 15 of sheath 17. The retrieval assembly 15 is maneuvered around 
the stone 60 to capture the stone 60 within the confines of the retrieval assembly 15 after 
the stone 60 passes through the gap between the legs 21 of the retrieval assembly 15. The 
stone 60 may be approached from the side or from the proximal or distal end of the 
retrieval assembly. The stone 60 is captured in the retrieval assembly 15. The stone 60 
is removed from the body tract by withdrawing the entire medical instrument 10 with the 
retrieval assembly 15 containing the stone 60, from the body tract. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made to the structure and methodology of the present invention without 
departing from the scope or spirit of the invention. In view of the foregoing, it is intended 
that the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 



What is claimed is: 



